Background: Thyroid storm (TS) is life threatening. Its incidence is poorly defined, few series are available, and population-based diagnostic criteria have not been established. We surveyed TS in Japan, defined its characteristics, and formulated diagnostic criteria, FINAL-CRITERIA1 and FINAL-CRITERIA2, for two grades of TS, TS1, and TS2 respectively. Methods: We first developed diagnostic criteria based on 99 patients in the literature and 7 of our patients (LIT-CRITERIA1 for TS1 and LIT-CRITERIA2 for TS2). Thyrotoxicosis was a prerequisite for TS1 and TS2 as well as for combinations of the central nervous system manifestations, fever, tachycardia, congestive heart failure (CHF), and gastrointestinal (GI)/hepatic disturbances. We then conducted initial and follow-up surveys from 2004 through 2008, targeting all hospitals in Japan, with an eight-layered random extraction selection process to obtain and verify information on patients who met LIT-CRITERIA1 and LIT-CRITERIA2. Results: We identified 282 patients with TS1 and 74 patients with TS2. Based on these data and information from the Ministry of Health, Labor, and Welfare of Japan, we estimated the incidence of TS in hospitalized patients in Japan to be 0.20 per 100,000 per year. Serum-free thyroxine and free triiodothyroine concentrations were similar among patients with TS in the literature, Japanese patients with TS1 or TS2, and a group of patients with thyrotoxicosis without TS (Tox-NoTS). The mortality rate was 11.0% in TS1, 9.5% in TS2, and 0% in Tox-NoTS patients. Multiple organ failure was the most common cause of death in TS1 and TS2, followed by CHF, respiratory failure, arrhythmia, disseminated intravascular coagulation, GI perforation, hypoxic brain syndrome, and sepsis. Glasgow Coma Scale results and blood urea nitrogen (BUN) were associated with irreversible damages in 22 survivors. The only change in our final diagnostic criteria for TS as compared with our initial criteria related to serum bilirubin concentration > 3 mg/dL. Conclusions: TS is still a life-threatening disorder with more than 10% mortality in Japan. We present newly formulated diagnostic criteria for TS and clarify its clinical features, prognosis, and incidence based on nationwide surveys in Japan. This information will help diagnose TS and in understanding the factors contributing to mortality and irreversible complications.
Introduction
T hyroid storm (TS) is a life-threatening condition requiring emergency treatment (1) (2) (3) . The condition arises in thyrotoxic patients and is manifested by the decompensation of multiple organs, which is often triggered by severe stress. Since its pathophysiologic mechanisms have not been clarified, the diagnosis of TS is based on clinical manifestations. Some of the characteristic clinical manifestations include unconsciousness, high fever, heart failure, diarrhea, and jaundice. The older literature suggests that TS occurs in no more than 1%-2% of hospitalized thyrotoxic patients (3, 4) , but its incidence in a large population has not been fully investigated.
With regard to diagnostic criteria for TS, few have been published other than those by Burch and Wartofsky (3, 5) . Their criteria are useful, but the approach taken, by utilizing the summation of multiple clinical manifestation scores, may often reach the threshold for the diagnosis of TS in thyrotoxic patients with severe nonthyroid illness, but not necessarily with TS. Furthermore, the scores that are allocated to signs and symptoms in this diagnostic scheme are complex and have not been validated. In the context of this information, the Japan Thyroid Association organized a committee that developed diagnostic criteria for TS and surveyed its incidence in Japan, linking the research activities of both the Japan Endocrine Society and the Ministry of Health, Labor, and Welfare of Japan. Here, we the members of this committee, report our findings regarding the clinical features of TS and propose diagnostic criteria for TS. Our criteria were based on an analysis of the literature, followed by a survey of the thyrotoxic patients in Japan who had the features of TS as reported in the literature. We finalized our criteria based on the clinical features and course of these patients. In addition, we sought to provide data regarding the incidence of TS in Japan.
Methods
The present study was approved by the ethics committee of the Jichi Medical University.
Development of the literature diagnostic criteria for TS1 and TS2
Initially, we developed tentative diagnostic criteria for TS (LIT-CRITERIA1 for TS1 and LIT-CRITERIA2 for TS2) based on the patients reported in the literature (Appendix A). Since TS is rare, a prospective study that develops criteria was considered very difficult and time consuming. Therefore, the criteria were mainly based on information obtained from the literature. In April 2006, the PubMed (for English literature) and Ichushi (for Japanese literature) databases were searched using the terms ''TS'' or ''thyroid crisis'' or ''thyrotoxic crisis.'' Valid publication dates were from 1992 to 2006 for PubMed (www.ncbi.nlm.nih.gov/pubmed) and from 1983 to 2006 for the Ichushi database (http://login.jamas.or.jp), respectively. Ninety-three original case reports (see Supplementary Data, available online at www.liebertonline.com/thy) and their abstracts were carefully evaluated by three independent researchers. Seven unpublished cases of TS diagnosed in the researchers' facilities were also included in the analysis. The individual clinical parameters extracted from these cases were analyzed. By analyzing these data, we created LIT-CRITE-RIA1 for TS1 and LIT-CRITERIA2 for TS2. TS1 and TS2 were envisioned as indicative of two grades of severity for TS. In our questionnaires for surveys and/or study documents, TS1 was referred to as ''Definite'' TS, and TS2 was referred to as ''Suspected'' TS. LIT-CRITERIA1 and LIT-CRITERIA2 were referred to as the First Edition of the Diagnostic Criteria for TS.
In developing LIT-CRITERIA1 and LIT-CRITERIA2, we made a consensus decision that thyrotoxicosis would be considered an absolute criteria for the diagnosis of TS. Next, we examined the prevalence of various clinical features in these patients and compared these to the corresponding prevalence in our patients with thyrotoxicosis but without TS (Tox-NoTS). We also analyzed the patterns of combinations of clinical manifestations. Patterns were stratified by the presence or absence of central nervous system (CNS) manifestations, because these were most frequent and appeared to be very specific to TS.
Thyrotoxic patients without TS
For a comparison with patients who met LIT-CRITERIA1 and LIT-CRITERIA-2 for TS1 and TS2, respectively, we also collected data from Tox-NoTS patients (n = 133). We recruited them from either our outpatient clinics or inpatient wards in a serial manner over a period of several months. We did not make an effort to age and gender match Tox-NoTS patients with TS1 and TS2 patients.
The First Nationwide Survey for cases of TS1 and TS2 in Japan SURVEY-1 for cases of TS1 and TS2 in Japan was conducted in 2009. In our records, SURVEY-1 was referred to as the First Nationwide Survey. An English translation from the Japanese of the SURVEY-1 is presented in Appendix B. The first part of the survey shows the questionnaire that the respondents were asked to fill in (Appendix B). The second part gives LIT-CRITERIA1 and LIT-CRITERIA2 for the diagnosis of TS1 and TS2, respectively (Appendix A). TS1 is referred to in the survey questionnaire as ''definite,'' and TS2 is referred to as ''suspected.'' Respondents were asked to report the number of their cases of ''definite'' and ''suspected'' TS for the years 2004, 2005, 2006, 2007, and 2008 . SURVEY-1 also collected information regarding gender and the year patients were seen but did not ask for clinical details.
In accordance with the Nationwide Epidemiologic Survey Manual (6-8), we selected hospital departments of internal medicine, endocrinology, thyroidology, cardiology, and emergency medicine as the targets for SURVEY-1. Study hospitals were randomly selected from a list of all the hospitals in Japan. The selection rate was based on a stratification of Japanese hospitals by the number of beds; 100% for university hospitals and those with ‡ 500 beds, whereas only 5% of hospitals with fewer than 100 beds were selected at random (eight-layered random extraction) (6) (see Supplementary  Table S1 ). The average extraction rate was *20% of hospitals or medical care institutions in all the hospitals in Japan.
The Second Nationwide Survey: the clinical features of TS1 and TS2 in Japan After the completed questionnaires for SURVEY-1 had been received, the respondents were sent a second questionnaire, SURVEY-2, shown in Appendix C. In our documents,
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this was referred to as the Second Nationwide Survey. In SURVEY-2, the respondents were asked to provide detailed clinical and laboratory information regarding the cases of TS1 and TS2 that they had reported in SURVEY-1.
Analysis of the responses to SURVEY-2 for TS1 and TS2 in Japan
After the responses to SURVEY-2 had been received, we organized and analyzed the information provided, initially entering this into a database. To fill gaps in the data provided for individual patients, we directly contacted responders to obtain this information. We then validated the assigned diagnoses that were TS1 and TS2 based, respectively, on LIT-CRITERIA1 and LIT-CRITERIA2. Using these validated data, we analyzed the content of the database, including information regarding clinical features and the number of patients from reporting centers.
Development of the final diagnostic criteria for the diagnosis of TS1 and TS2
Using the information regarding patients from our surveys who met LIT-CRITERIA1 and LIT-CRITERIA2 for TS1 and TS2, respectively, we developed our final criteria, FINAL-CRITERIA1 and FINAL-CRITERIA2, for the diagnosis of TS1 and TS2. In our study records, we referred to them as the Second Edition of the Diagnostic Criteria for TS. As in the creation of LIT-CRITERIA1 and LIT-CRITERIA2, we aimed at distinguishing TS from other disorders, including Tox-NoTS and severe nonthyroid illness. Differences in clinical manifestations among patients with  TS1, TS2, and Tox-NoTS patients were analyzed by the  analysis of variance or the chi-squared test, as appropriate. We compared this information with the criteria by Burch and Wartofsky (3, 5) for TS (BWC-TS).The comparison between the BWC-TS and our diagnostic criteria for TS were assessed with logistic regression, Spearman rank correlation, and the chi-squared test (Fisher's exact test), respectively. To identify the factors independently associated with clinical outcomes, logistic regression analysis or multiple regression analysis with the stepwise method was used as appropriate after the possible relevant factors had been selected by simple regression analysis. The clinical outcomes that were evaluated were death, irreversible complications, and severity of thyroid crisis. Two-sided p < 0.05 was regarded as being statistically significant. All statistical analyses were done using JMP version 8 (SAS Institute, Cary, NC).
Statistical analyses

Results
Development of LIT-CRITERIA1 and LIT-CRITERIA2 for TS1 and TS2, respectively
Twenty-two cases of TS were in PubMed, and 77 cases were in the Ichushi database (71 citations) (see Supplementary Data). Information regarding these 99 cases and 7 of our unpublished cases are summarized in Table 1 (see first column) . Table 1 also contains information on the clinical characteristics of Tox-NoTS patients. The most prominent clinical characteristics observed in the patients in the literature with TS, and our seven patients with TS, were fever, tachycardia, CNS and gastrointestinal (GI)/hepatic signs and symptoms, and congestive heart failure (CHF). In Tox-NoTS patients, the most prominent clinical characteristics were tachycardia, goiter, weight loss, and finger tremor. All patients with TS that had CNS manifestations exhibited at least one or other of the clinical characteristics of TS which were prominent in the literature. These were fever, tachycardia, GI/hepatic, and cardiac manifestations. Since none of these manifestations showed any evident correlation with one another, it was considered that each manifestation could be dealt with independently.
Based on the findings just mentioned, we attempted to establish cut-off values for each manifestation to obtain better sensitivity, specificity, and predictive values. Since TS occurs only rarely, it was supposed that high specificity, > 90% for each parameter, would be needed to obtain a good positive predictive value. In this context, we tentatively set cut-off values of ‡ 38°C and ‡ 130 beats/min (bpm) for fever and tachycardia, respectively. With regard to CNS manifestations, the mild symptom, agitation, was excluded. In addition to signs and symptoms, our criteria included specific quantitative scores on the Glasgow Coma Scale (GCS) (9,10) and the Japan Coma Scale ( JCS) (11) . Since GI/hepatic symptoms appeared to be less specific than CNS manifestations, the mild symptom, abdominal pain, was excluded. Although the prevalence of CHF in patients with storm was < 40%, CHF when present tended to be very severe. Fifty-four percent of cases of TS1 could be classified as New York Heart Association (NYHA) class IV and/or Killip class III/IV. Therefore, the criteria for CHF were limited to relatively severe manifestations: pulmonary edema, moist rales in more than half the lung fields, or cardiogenic shock. These findings were applied to create the First Edition of the Diagnostic Criteria (LIT-CRITERIA-1 and LIT-CRITERIA-2) for TS1 and TS2. These were arrived at by a consensus and are presented in Appendix A, after the questionnaire.
Cases of TS in Japan as obtained from SURVEY-1
One of the purposes of SURVEY-1 for cases of TS1 and TS2 among patients admitted for the treatment of thyrotoxicosis was to obtain a 5-year estimate of their incidence in Japan during the years 2004 through 2008. In a group of 1463 randomly selected hospitals, there was a 52.5% response rate to SURVEY-1 with 541 patients being reported, or 1030 patients if the proportion of TS in nonrespondents had been the same. Based on this correction, the total number of patients in these 1463 hospitals in Japan during the 5-year period was estimated to be 1283 [95% confidence interval: 1077-1489]. The Japanese general population in 2008 was reported to be *127 million (12) , and the number of total and admitted thyrotoxic patients were 118,000 and 4800, respectively (13) . If we simply calculate using the estimated number of TS patients and then apply this information to the Ministry data regarding the incidence of thyrotoxicosis in Japan, then the incidence rate of TS is estimated to be *0.20 persons per 100,000 Japanese population per year, and the condition occurs in 0.22% of all thyrotoxic patients and in 5.4% of admitted thyrotoxic patients.
Of the patients who met the criteria for TS1 and TS2, 77% were women. Patients with TS1 and TS2 were seen in the departments of internal medicine, emergency medicine, and cardiology, in 67%, 21%, and 12% of cases, respectively.
SURVEY-2 of the clinical features of TS1 and TS2 in Japan
Among the 541 patients with TS1 and TS2 identified in SURVEY-1, detailed clinical information, for what was said to be 437 patients, was obtained in the SURVEY-2 responses. However, 7 patients were reported twice. Furthermore, 24 patients were seen outside the study period, and 50 patients did not meet either LIT-CRITERIA1 or LIT-CRITERIA2 for the diagnosis of TS1 or TS2. Therefore, data from 356 patients were available for further analyses from SURVEY-2. Amongst these patients, 282 had TS1, and 74 had TS2 based on LIT-CRITERIA1 and LIT-CRITERIA2, respectively. Table 1 presents the characteristics of patients with TS as obtained in SURVEY-2. The ages of patients with TS1 and TS2 were 44.7 -16.7 (median: 42, range: 6-87) and 44.6 -14.6 (median: 44, range: 20-80), respectively. The ages of men and women with TS1 and TS2 were similar (data not shown). The male-to-female ratio for TS1 and TS2 was *1:3 (89:263). Graves' disease (GD) was the most common cause of thyrotoxicosis among the patients with TS1 and TS2. This was followed by very rare cases of destructive thyroiditis (five cases). In 45% of the cases, the duration between the onset of TS1 or TS2 and the initial diagnosis of GD was less than one year, and about 20% of patients developed TS1 or TS2 before they received antithyroid treatment (Fig. 1 ). The factors classically considered to trigger TS were present in 70% of the patients with TS1 and TS2 ( Table 2 ). The highest trigger of TS was the irregular use or discontinuation of the patient's antithyroid drug, and the second highest trigger was infection, particularly that of the upper respiratory tract (data not shown). The combined mortality rate of patients with TS1 and TS2 was 10.7% (38/356). The mortality rates of TS1 and TS2 were 11.0% and 9.5%, respectively. The age of patients who died from TS1 and TS2 was 49.56 -16.96 years.
The results of thyroid function tests in patients with TS1 and TS2 are presented in Table 1 . The mean serum free thyroxine (FT4) concentration in patients with TS1 was 6.38 -3.40 ng/dL, and in patients with TS2 was 6.18 -2.56 ng/dL. The mean serum free triiodothyronine (FT3) concentration in patients with TS1 was 19.70 -12.70 pg/mL, and in patients with TS2 was 17.81 -8.78 pg/mL. In our Tox-NoTS patients the serum FT4 and FT3 concentrations were 6.35 -5.13 ng/dL and 16.5 -8.2 pg/mL, respectively. Serum FT4 or FT3 concentrations were not significantly different among patients with TS1, patients with TS2, and Tox-NoTS patients. Figure 2 presents information regarding the simultaneous determination of thyrotropin (TSH), and the FT4/FT3 ratio. Several cases of TS1 had normal serum FT3 levels with increased serum FT4 levels and suppressed serum TSH levels. Approximately two-thirds of patients with TS1 and TS2 had body temperatures of ‡ 38.0°C ( Table 1 ). The range of body temperatures was 32.2°C-41.2°C (median: 38.0°C) in patients with TS1 and 35.4°C-41.8°C (median: 38.1°C) in patients with TS2 ( Fig. 3) .
In 76.2% of the patients with TS1 and 60.8% of the patients with TS2, the heart rate was ‡ 130 bpm ( Table 1 ). The distribution of the heart rate is presented in Figure 4 . In patients with TS1 the median heart or pulse rate was 144 bpm, and the 664 AKAMIZU ET AL. Tables 1 and 3 . Although agitation was found in 25.6% of patients with TS1 and TS2, logistic regression analysis showed that the presence of agitation as a diagnostic item did not alter these diagnoses, because the GCS, JCS, and other CNS manifestations encompassed this symptom. More than half of the patients with TS1 ( Fig. 5 ) had abnormal values for the GCS (53.5%) and/or the JCS (62.6%).
GI/hepatic manifestations were present in 68.3% of patients with TS1 or TS2 (Table 1) . We inquired if GI/hepatic manifestations were necessary for the diagnoses of TS1 or TS2. Patients with TS1 who had CNS manifestations would have remained in the TS1 category even if they had not had GI/ hepatic manifestations. However, 38 of the 55 patients with TS1 who did not have CNS manifestations would have been assigned to the TS2 category if they had not had GI/hepatic manifestations. The mortality in the group with TS1 who did not have CNS manifestations was 18.4% (7/38). Forty of the 59 patients with TS2 who did not have CNS manifestations would have been considered as not having any form of TS if they had not had GI/hepatic manifestations and, of these 40 patients, the GI/hepatic manifestations were nausea, vomiting, and/or diarrhea. In these 40 patients, there were 4 fatalities. However, in these TS2 patients, the presence of nausea, vomiting and/or diarrhea did not influence the prognosis as far as mortality was concerned ( p = 0.807, v 2 test).
Thirty-five of the 55 patients with TS1 who did not have CNS manifestations would have been assigned to the TS2 Figure 6 . Although leg edema and pleural effusions were generally the most frequent signs of CHF, logistic regression analysis showed that their contribution to the diagnosis of TS1 or TS2 was not significant (data not shown). Atrial fibrillation (AF) was observed in 39.3% and 33.8% of patients with TS1 and TS2, respectively. Significantly, AF occurred in 52.6% of the patients who died.
Among patients with TS1 and TS2, the occurrence of any one of the five major groups of clinical manifestations (CNS, fever, tachycardia, CHF, and GI-hepatic) did not positively correlate with the occurrence of any other group of clinical manifestations ( Table 4 ). The occurrence of CHF and fever, and tachycardia and GI/hepatic manifestations, was negatively correlated with each other, but the correlation coefficient was low. Of the patients with TS1, 76% had more than three manifestations (Table 5) , consistent with multiple organ failure (MOF). The most common association, found in 15% of patients with TS1, was concomitant CNS symptoms, fever, tachycardia, and GI/hepatic manifestations. The next most common association, found in 11% of patients with TS1, was CNS symptoms, tachycardia, and GI/hepatic manifestations.
Assigning the scores for TS (BWC-TS) used in the reports by Burch and Wartofsky (3, 5) , the median scores (ranges) of patients with TS1 was 70 points , and those of patients with TS2 was 52.5 (25-90) points. Table 6 presents the BWC-TS scores for the patients with TS1 and TS2. Table 6 also includes the BWC-TS scores in 50 patients who did not meet LIT-CRITERIA1 or LIT-CRITERIA2 for TS1 or TS2, DIAGNOSTIC CRITERIA AND FEATURES OF THYROID STORM respectively. These patients were reported to have TS in the SURVEY-1, but we determined that they did not meet LIT-CRITERIA1 or LIT-CRITERIA2 based on the information obtained in SURVEY-2. A logistic regression analysis for the diagnosis according to the new criteria as ranking variables revealed that the BWC-TS score (3,5) made a significant contribution to differentiating between our patients categorized as TS1 or TS2 and our Tox-NoTS patients. The contribution was estimated to be 27.7% ( p < 0.0001).
The direct causes of death in the 356 patients with TS1 and TS2 were MOF and CHF (Table 7 ). In a simple regression analysis, many factors including the GCS (odds ratio [OR]: 0.863, p = 0.0016), the comorbidity of CHF (OR: 2.086, p = 0.0426), and serum creatinine levels (OR: 2.535, p = 0.0025) were significantly associated with patient mortality. However, a multiple logistic regression analysis revealed that the comorbidities of shock (OR: 3.90, p = 0.006), disseminated intravascular coagulation (DIC) (OR: 3.91, p = 0.012), and MOF (OR: 9.85, p < 0.001) were identified as independent prognostic factors for death (Table 8) . Among the survivors, 22 were reported as having irreversible damage of some kind with brain damage occurring in 6, disuse atrophy occurring in 5, cerebrovascular disease occurring in 4, renal insufficiency occurring in 2, and psychosis occurring in 2. In three patients, the irreversible damage was not specified. A higher GCS and elevated blood urea nitrogen (BUN) were significantly associated with the development of irreversible deficits (GCS, OR: 0.846, p = 0.0062; BUN, OR: 1.01, p = 0.0434) ( Table 8 ). To differentiate clinically between TS1 and TS2, we TS2  1  19  39  15  74  TS1  1  14  80  187  282  Total  11  57  135  203  406 a These patients were reported as having TS by the respondents to SURVEY1, but, after their findings reported in SURVEY-2, they were reviewed by the authors if they did not meet the criteria for the diagnosis of TS1 or TS2.
BWC, Burch and Wartofsky's criteria; U, unlikely; I, impending; L, likely; H, highly likely. 
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analyzed the prognosis of each syndrome in terms of mortality and irreversible defects. Mortalities of TS1 and TS2 were not significantly different (TS1 vs. TS2; 11.0% and 9.5%, p = 0.70). In fatal cases, the independent risk factors for mortality were not different between the two syndromes (TS1 vs. TS2, shock; 58.1% vs. 57.1%, p = 0.96, DIC; 41.9% vs.
28.6%, p = 0.51, MOF; 54.8% vs. 57.1%, p = 0.91). Similarly, the rates of irreversible complications were not different between TS1 and TS2 (TS1 vs. TS2; 9.0% vs. 3.3%, p = 0.11). However, when these analyses were limited to the irreversible neurological defects, including hypoxic brain damage, disuse atrophy, cerebrovascular disease, and psychosis, patients with TS1 had a higher prevalence of irreversible neurological defects than patients with TS2 (TS1 vs. TS2; 6.74% vs. 1.35%, p < 0.05). As is evident from the diagnostic criteria for each syndrome, the clinical differences between TS1 and TS2 are the presence of neurological symptoms and ensuing defects. We sought to determine how severely ill patients with TS were, or were perceived to be, based on three indices. One was the level of inpatient care they were assigned to, this being an intensive care unit, a high care unit, or the general wards. Another was their Acute Physiology and Chronic Health Evaluation (APACHE) II scores (14) , and the last was the Sequential Organ Failure Assessment (SOFA) scores (15, 16) . The mean and SD of APACHE II and SOFA scores were 10.97 -0.35 (min., 0; max., 37) and 2.67 -0.47 (min., 0; max., 12), respectively (n = 354). The dead exhibited significantly higher scores than those of the survivors in both score methods: 15.00 -1.04 vs. 10.48 -0.36, p < 0.0001 in APACHE II; 3.12 -0.51 vs. 2.38 -0.13, p < 0.0001 in SOFA. In a multiple logistic regression analysis, the inpatient level of care was significantly related to the GCS levels (OR: 0.857, p = 0.0242) and serum levels of total cholesterol (OR: 0.973, p = 0.0005) (see Fig. 7 ). In our TS1 and TS2 patients, the factors that were independently associated with the calculated APACHE II scores were age ( p = 0.0003), GCS ( p < 0.0001), serum albumin ( p = 0.0329), serum creatinine ( p = 0.0366), and base excess ( p = 0.0011) (see Supplementary Data) . The factors independently associated with calculated SOFA scores were GCS ( p < 0.0001), Graves' ophthalmopathy ( p < 0.0001), serum albumin ( p = 0.0004), serum total cholesterol ( p < 0.0001), serum total bilirubin ( p < 0.0001), shock ( p < 0.0001), CHF ( p = 0.013), and PaCO 2 ( p = 0.0059).
Although an accurate estimation is impossible because not all possible sites for the occurrence of TS were asked to report their patients with TS, we estimate that the number of cases of TS1 and TS2 in Japan would be *165 and 43 per year, respectively, based on the response rates for SURVEY-1 and SURVEY-2.
Development of FINAL-CRITERIA1 and FINAL-CRITERIA2 for the diagnosis of TS1 and TS2
To develop the final diagnostic criteria for the diagnosis of TS1 and TS2, we considered modifying LIT-CRITERIA1 and LIT-CRITERIA2 to reflect our analysis of the features of TS patients in Japan who were identified in SURVEY-1 and characterized in SURVEY-2. First, we examined the prevalence and independence of clinical manifestations of these patients and of Tox-NoTS patients, including analyses of combinations of clinical features. Next, we investigated whether the cut-off values for each manifestation provided appropriate sensitivity, specificity, and predictive values to differentiate between TS1, TS2, and Tox-NoTS. Based on these analyses, we made only one change to generate the final diagnostic criteria for TS. This was related to the serum bilirubin concentration. As noted in the results, the mortality rate for TS1 and TS2 patients with total serum bilirubin concentration > 3.0 mg/dL was significantly higher than that in those with lower serum bilirubin concentrations. Therefore, we made a serum total bilirubin concentration of > 3 mg/dL a criteria for GI/hepatic manifestations. Based on this revision, three patients who were classified as TS2 by LIT-CRITERIA2, met the criteria for TS1 in FINAL-CRITERIA1. This was because by FINAL-CRITERIA1 now met the criteria for GI/hepatic manifestations. These patients were not identified as having jaundice in SURVEY-2, but their serum bilirubin was > 3 mg/ dL. Notably, none of these three patients died in TS. The final criteria for the diagnosis of TS1 and TS2 (i.e., The Second Edition of the Diagnostic Criteria for TS) are presented in Table 9 . They differ from the criteria based on an analysis of the literature only in the fact that a serum bilirubin of > 3 mg/dL was used for one of the criteria for GI/hepatic manifestations.
Discussion
The present study helps clarify the epidemiology of TS, in some regard, for the first time. The incidence of TS cases in Japan, including both TS1 and TS2, was estimated to be 1283 -105 [95% confidence interval: 1077-1489] per 5 years , respectively. No gender differences in the age of patients with TS1 or TS2 were observed. The ratio of male-to-female patients with TS1 and TS2 was *1:3 (89:263). These epidemiological findings concerning age and gender distribution were similar to those for the 99 cases of TS found in our literature search and the 7 cases from the researchers' facilities. There were several striking aspects regarding the clinical features and course of TS. The mortality rate of TS is still high. Many cases of TS occur in patients who have not received treatment, and many occur within the first year of treatment for GD. An apparent trigger for the development of TS was observed in 70% of our patients. The remaining 30% of patients may have had some type of stress, one not identified by their clinicians, that occurred before they developed TS. A common feature of patients with TS is either that they had taken their antithyroid drugs irregularly or had discontinued them altogether. In the management of patients with GD, therefore, it is important to counsel patients and their families about the need for regular and reliable use of their antithyroid drugs. Other illness or events that triggered TS in this survey were similar to those described in the literature ( Table 2) . No cases of TS were caused by thyroid surgery, indicating an improvement in the management of patients with GD before thyroid surgery.
None of the clinical manifestations assessed in SURVEY-2 were positively associated with each other. CNS manifestations were weighted most heavily in our diagnostic criteria, as they were found to be common in TS. The exclusion of agitation as a CNS-related diagnostic item did not affect the diagnosis of TS (data not shown). Although the presence of nausea, vomiting, and/or diarrhea was not associated with the prognosis of TS, these manifestations, which are not frequent in nonstorm thyrotoxicosis, are rather specific for TS. Moreover, if we exclude these manifestations from diagnostic criteria of TS, a significant number of patients with TS1and TS2 would become classified, respectively, as TS2 and Tox-NoTS. Therefore, we consider these GI manifestations as being important for the diagnosis of TS.
Prompted by the Child-Pugh score, which assesses the prognosis of liver diseases (17) (18) (19) , we analyzed whether elevated serum total bilirubin levels were associated with the prognosis of TS1 and TS2. We not only found that the mortality rate in the group with a total bilirubin level > 3 mg/dL was significantly higher than that in the group with total bilirubin levels equal to or lower than 3 mg/dL, but we also observed that simply asking whether patients had jaundice did not identify all patients with bilirubin levels > 3 mg/dL. Therefore, in formulating the final criteria for the diagnosis of TS1 and TS2, we changed the criteria for GI/hepatic manifestations from jaundice to a serum bilirubin concentration 3 mg/dL.
Tachycardia and high output-induced CHF are common cardiac manifestations of TS (20) . SURVEY-2 confirmed the feasibility of a cut-off value for heart rates ‡ 130 bpm, irrespective of the presence or absence of AF. The survey also demonstrated that leg edema and pleural effusion were not specific signs for CHF in TS, but CHF categorized as NYHA functional class IV and/or Killip class III or IV that was associated with pulmonary edema and cardiogenic shock was of particular importance for the diagnosis of TS. Arrhythmias are often associated with TS, with AF being the most common. This occurred in 10%-15% of cases of TS (21) . In SURVEY-2, AF was observed in 38.2% of patients with TS1 and TS2 and 52.6% of patients who died. We suggest that CHF facilitates the occurrence of AF in TS. This, in turn, exaggerates CHF, resulting in a vicious cycle that contributes to mortality. First combination Thyrotoxicosis and a combination of two of the following: fever or tachycardia or CHF or GI/hepatic manifestations TS2
Alternate Combination Patients who meet the diagnostic criteria for TS1 except that serum FT3 or FT4 values are not available but whose data before or after the episode suggest that they are thyrotoxic at the time of TS.
Definitions Thyrotoxicosis: Elevated FT3 or FT4. CNS manifestations: Restlessness, delirium, mental aberration/psychosis, somnolence/lethargy, convulsion, coma including a score of 1 or higher on the Japan Coma Scale ( JCS) or 14 or lower on the Glasgow Coma Scale (GCS).
Fever: 38°C or higher. Tachycardia: ‡ 130 beats/min (arrhythmias such as atrial fibrillation are evaluated by measuring the heart rate). CHF: The patient presents with severe symptoms such as pulmonary edema, moist rales for more than half the lung field, or cardiogenic shock. The patient's CHF is categorized as Class IV by the NYHA classification or Class III or higher by the Killip classification.
GI/hepatic manifestations: The patient presents with nausea, vomiting, diarrhea, or a bilirubin of > 3 mg/dL.
Exclusions and Provisos
Cases are excluded if other underlying diseases are clearly causing any of the following symptoms: fever (e.g., pneumonia and malignant hyperthermia), impaired consciousness (e.g., psychiatric disorders and cerebrovascular disorders), heart failure (e.g., acute myocardial infarction), and liver disorders (e.g., viral hepatitis and acute liver failure). However, some of these disorders trigger thyroid storm. Therefore, it is difficult to determine whether the symptom is caused by thyroid storm or is simply a symptom of an underlying disease that is possibly triggered by thyroid storm; the symptom should be regarded as being due to a thyroid storm that is caused by these precipitating factors. Clinical judgment in this matter is required.
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Our criteria for the diagnosis of TS differs in two major ways from the BWC-TS (3, 5) . First, in our criteria, the presence of evidence for thyrotoxicosis is a prerequisite item for these diagnoses. We consider that making thyrotoxicosis a prerequisite item is needed to reduce false-positive diagnoses. Second, in contrast to the BWC-TS, there is no scoring system for our criteria for TS. It is impossible, in our opinion, to generate a scoring system in a retrospective study, as a prospective study is needed for validation. Indeed, the BWC-TS score is supposed to be neither evidence based nor validated. In addition, the BWC-TS scoring system is rather complex, making it difficult to memorize precisely. Although there was a significant correlation between our diagnostic criteria and the BWC-TS, the fact that the contribution of the BWC-TS was small indicates a discrepancy between the two diagnostic systems ( Table 6 ). For instance, one patient who scored 75 points according to the BWC-TS was not diagnosed with TS based on our criteria. He had tachycardia (146 bpm) with AF (25 + 10 points), ongoing mild CHF (10 points), and a slight elevation of serum bilirubin (2.4 mg/dL) (20 points) that was exacerbated by infection (10 points), and no fever. However, mild CHF (NYHA III) and only slight bilirubin elevation without hepatic dysfunction meant that the patient did not meet our criteria for TS according to our guidelines, even though he had marked tachycardia. In contrast, a patient whose score was only 15 points by the BWC-TS (diarrhea, edema, and mild unconsciousness) was diagnosed as TS2 by our criteria. One reason for the different diagnoses in this case may be the method for judging CNS features. Mild CNS symptoms (GCS: 14, or JCS: 1) were evaluated differently by our system than by the BWC-TS. Notwithstanding these exceptional cases, however, both the BWC-TS and our criteria may be helpful in diagnosing TS.
All of our criteria for TS require elevated serum thyroid hormone levels, FT3 and/or FT4, as a prerequisite item. It is, however, well known that circulating thyroid hormones, particularly T3, tend to be relatively low in severe nonthyroidal illness. This is the case in TS as we formulated the definition and, in fact, several patients with TS1 had normal serum FT3 levels despite elevated serum FT4 and low serum TSH levels. We should keep in mind, moreover, that even serum FT4 levels become low in severe illness as do serum TSH concentrations. In addition, the administration of drugs, including antithyroid drugs, iodine, and corticosteroid, modify thyroid function tests. Therefore, we may need to expand the diagnostic criteria for TS, but further studies will be needed.
The mortality rate of TS was 10.7%. This is lower than previously reported (2, 22) . Improvements in the general management of patients and early diagnosis likely contributed to the reduced mortality rate. None of our 133 thyrotoxic patients without TS (i.e., Tox-NoTS patients) died. Notably also, only 1 of 50 patients identified by the respondents in the SURVEY-1 as having TS, but who did not meet the criteria for TS1 or TS2 based on the information from SURVEY-2, died. This patient had only a GI manifestation and died because of Pneumocystis carinii pneumonia.
With regard to patients who met our criteria for TS1 and TS2, it is notable and perhaps surprising that the mortality rate was almost as high, using LIT-CRITERIA2 and LIT-CRITERIA1 respectively, for TS2 (9.5%) as it was for TS1 (11.0%). In fact, using FINAL-CRITERIA2 and FINAL-CRI-TERIA1 for TS2 and TS1, the mortality rates were even more similar, being 9.9% and 10.9% respectively. Moreover, the most frequent direct causes of death, such as shock, DIC, and MOF, were very similar in the two groups. This observation strongly suggests that mortality depends on severe complications rather than the characteristic clinical features of thyroid crisis. In addition, treatments/interventions for these severe conditions, which were variably used among doctors, probably influenced the mortality rate. Consistently, the comorbidity of mortality with a CNS manifestation or CHF was found in simple regression analysis. Indeed, TS mortality has been attributed to these factors in the literature (1, 2) . However, in our multiple regression analysis, these were not pivotal independent factors for patient death. This is perhaps because recent developments in the management of critically ill patients reduced the mortality related to these factors. However, CNS symptoms did have a profound impact on the quality of life as shown by our analysis of irreversible damage (Table 8 ). In general, we evaluated many factors that are assessed in critically ill patients ( Fig. 7) . We recommend that, in treating TS, all these complications be carefully managed.
Since the mortality rates, and the rates of irreversible complications, were so similar in TS1 and TS2, it might be argued that there is no need for graded diagnostic criteria for TS. There was a difference, however, in the prevalence of irreversible neurological defects between the two categories with irreversible defects being higher in TS1 than in TS2. This may reflect that CNS manifestations were the central item in LIT-CRITERIA1 and FINAL-CRITERIA1. Further studies may uncover gradations of TS that are meaningfully different. For the present, it is evident that patients who meet the criteria for both TS1 and TS2 are seriously ill, and they require intense management.
There are several limitations of this study. First, this was a retrospective study. However, TS is rare and its occurrence in unpredictable, making a prospective study difficult to perform. Second, the surveys were performed in Japan only, and the response rates for SURVEY-1 and SURVEY-2 were only 52.5% and 65.1%, respectively. Therefore, our results may reflect only the characteristics of an advanced and East-Asian country. Third, the estimate of incidence rate is based on the assumption that the incidence of TS is the same in the hospitals that did not respond to the surveys. Considering that responder hospitals may have responded because they did have a case or cases to report, we may have overestimated the number of the patients. Nonetheless, we believe that TS may occur more often than endocrine and thyroid experts realize, and its high mortality rate is under appreciated. Thus, even nowadays, TS is one of the important endocrine emergencies. Fourth, in different studies, the analyses of the relative importance of factors that influence prognosis are substantially influenced by the treatment interventions used for the patients in a particular study. Since patients with TS are quite variably treated, according to their severities and clinical manifestations, it is impossible to analyze them as a homogenous group. Such analyses can be accurately achieved by the prospective study only. At this point, we think it may be useful to grade TS into two categories, but it should be emphasized that even patients with TS2 have high mortality rates and rates of irreversible complications. Therefore, it is probably important to ''over-diagnose'' TS. Ideally, one set of diagnostic criteria that are 100% sensitive and specific should be available but, at the moment, it seems impossible to diagnose TS in a simple way. TS has dynamic, heterogeneous and complex features. Moreover, it needs early treatment to prevent increasing severity and an irreversible outcome.
In summary, we propose new diagnostic criteria for TS, assigning two grades relating to signs and symptoms, though not necessarily to severity or prognosis. These were based on evidence derived from nationwide surveys in Japan using questionnaires developed from an analysis of a large number of studies in two major literature databases. We hope they will contribute to prompt and precise clinical decisions and the treatment of this disorder. Furthermore, we hope to conduct prospective evaluations of our diagnostic criteria and points of emphasis in the therapy of TS. We believe that we can ultimately achieve a better prognosis of TS by utilizing these approaches. 2. diagnosed as a suspected case of thyroid storm.
3. not diagnosed even as a suspected case of thyroid storm (Reason why not diagnosed: ).
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